Background: There are limited data on parental perception of infant participation in minimal risk and minor increase above minimal risk research focusing on the NICU population. The study objective was to assess parental and NICU staff perceptions concerning minimal risk and minor increase above minimal risk in the NICU setting. Methods: Parents of infants and NICU staff were presented with a combination of 4 infant scenarios and 5 hypothetical research procedures. These assessed participants' willingness to allow their infant to participate in research and their attitude towards obligation to assist future children. Linear and hierarchal linear models analyzed the association and interaction effects on the likelihood to consent to research procedures. Results: Sixty parents and 30 NICU staff members were surveyed. Parents' acceptability for each of the five research procedures ranged from 31 % to 83 %. Parent gender, age, race/ethnicity, insurance, education and history of previous child in the NICU were not associated with the likelihood to consent to the research procedures. Acceptability for each of the five research procedures among NICU staff ranged from 19 % to 98 %. There were no significant differences between NICU staff's and parents' responses for 4 of 5 research procedures. A minority of parents and nurses (38.3 % and 40 % respectively), compared to a majority of physicians (66.7 %), agreed or strongly agreed that parents have a responsibility to involve their children in low risk medical research in order to help future children, even if this would not help their own child. Lower agreement with obligation to help future children (p < 0.01) and higher education (p = 0.01) were associated with a decreased likelihood to consent to research procedures. Conclusion: In our study population, common NICU-related research procedures were considered appropriate and acceptable to a diverse group of NICU parents representing a wide range of race/ethnic and socioeconomic strata. Current regulations guiding informed consent for minimal and minor increase over minimal risk research in the NICU environment appear ethically consistent with a diverse group of parents and providers.
Background
Neonates are considered a vulnerable research population. As such, they receive special consideration and protections under the US Code of Federal Regulations (CFR) 45 CFR 46, Subparts A, B, D [1] . Therefore, when conducting research in this patient population, investigators have to ask themselves: What is safe and appropriate for the infant? [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Who makes the decision for an infant to participate, and what goes into that decision? [2, 4, 5, 11, [16] [17] [18] [19] [20] [21] [22] [23] Additionally, one also needs to consider the societal benefit of the research in question. If medicine is restricted to only performing research that has potential for direct benefit (or no harm), the advancement of science may be limited to some unknown degree and future infants with similar conditions may receive harm because of the lack of scientific advance.
Unlike older children who can indicate their understanding of and willingness to participate in a research study, parents are most often the primary surrogate decision-makers for neonates. Surveys of parents of older infants and children assessing their willingness or reluctance to allow their child to participate in research yield similar themes: concerns of medical research and research related risk; desire to advance generalizable medical knowledge; and desire to advance knowledge specific to their own child's disease [2, 4, 5, 14, 18, 24, 25] . These studies indicate that parental beliefs in the appropriateness of enrolling their children in minimal risk and minor-increase-over-minimal-risk research with or without direct benefit align with the federal regulations. Common research procedures and general societal benefit obligation focusing on the premature, lateterm, and term newborn infant in the Neonatal Intensive Care Unit (NICU) population has received less investigation [26] [27] [28] .
Parents of infants in the NICU are not the only members of the NICU community whose perspective should be taken into consideration. NICU staff members spend considerable periods of time, from days to months, with infants that require NICU care. NICU staff's attitudes toward research in the NICU have not been previously assessed. This study aims to assess the parental and NICU staff perspectives on research in the premature, late-term and term newborn infant NICU population and on the legitimacy of exposure to minimal risk or minor-increase-above-minimal-risk exposure in the NICU setting.
Methods
This study was conducted at a large tertiary care hospital in Newark Delaware. Institutional Review Board (Christiana Care Health System, Newark, DE, USA) approval was obtained prior to initiating the study. Informed consent was obtained from all participants prior to enrollment in the study. It is also standard policy at our institution that corporate Human Resources (HR) must approve all research involving hospital staff.
NICU parents were recruited from one of four groups matching the clinical scenarios presented: (1) Parent of infant with gestational age <31 weeks at birth; (2) Parent of infant gestational age 34-36 weeks at birth; (3) Parent of term infant in the NICU with mild transient illness and expected length of stay <7 days; and (4) Parent of healthy term neonate. A convenience sample of 15 parents per group was chosen. NICU parents were approached for participation when they presented to the NICU for a routine visit during the study period. Parents in the Mother/ Baby Unit were approached for participation during their hospitalization following delivery. This study was limited to English-speaking parents who were at least 18 years of age. Enrollment continued until 15 parents returned completed surveys in each group. NICU nurses and physicians (attending neonatologist and neonatology fellows) were recruited for enrollment. Surveys were distributed to all 12 neonatologists and 12 neonatology fellows at our institution. A convenience sample of nurses was approached for enrollment during their regularly scheduled daytime shift. The first 15 physicians and 15 NICU staff nurses who returned completed surveys were included in the study.
Parents and clinicians were presented with a questionnaire containing four different infant scenarios each with five hypothetical research procedures. The questionnaire is a modification of the one developed by Sachdeva and Morris that include parents of infants in the cardiac intensive care unit [2] . In that study, parents were presented with 6 possible procedures. Of these, we retained 4 procedures. Two procedures were excluded since they are not typical procedures in the NICU/newborn nursery setting. Instead, a common NICU procedure was added. Participants were asked: "would you give permission for the following research procedure on your child if your child was (one of four infant scenarios)".
The four different infant scenarios were: (1) Early Preterm ≤ 31 weeks gestation, (2) Late Preterm 34-36 weeks gestation, (3) Term: In NICU with transient hypoglycemia, (4) Term: Healthy on Mother-Baby Unit. The five research procedures were: (1) Drawing 1 extra vial of blood for research purposes when other blood is being obtained for clinical purposes (would not require an extra blood draw); (2) drawing 1 extra vial of blood for research purposes only (would require an extra blood draw); (3) 2 echocardiograms (heart ultrasound)-these are not associated with any pain, but occasionally some infants can feel slight discomfort; (4) MRI brain without sedation; and (5) MRI brain with sedation. These five procedures remained constant in each scenario. Participants marked their hypothetical willingness to allow their child to participate in these research procedures depending on each infant scenario. The levels of willingness were: (1) Definitely yes; (2) Probably yes; (3) Probably no; and (4) Definitely no. To control for bias associated with question order, the scenarios were presented in random order. Research procedures were not pre-assigned a specific degree of risk, since there is variability in the perception of risk between individuals [4] .
Participants were also presented with an additional question designed to assess their willingness to consent on the basis of one's obligation to benefit others. They were asked to consider the statement: "Parents have a responsibility to involve their children in low risk medical research to help future children, even if it will not help their own children". Participants were asked to mark their corresponding level of agreement: (1) Strongly Agree, (2) Agree, (3) Neither Agree nor Disagree, (4) Disagree, (5) Strongly Disagree. The questionnaire was reviewed by a group of clinicians (physicians and nurses) and personnel with limited medical knowledge for content and clarity.
Parents were also asked to complete a brief demographic survey about themselves, such as: age, gender, race, ethnicity, highest education completed, number of children, know a child in the NICU or with a chronic medical condition, and type of insurance. Parents also answered questions about their infant, such as: gestational age, birthweight, age (in days) and diagnosis. Clinicians were asked to report their years of experience. Due to concerns from HR about the ability to remain de-identified, no other demographic information was collected from the NICU staff.
Data were analyzed by parametric and non-parametric as appropriate for the data characteristics. Chi-square was used for unadjusted analysis of the Likert scales. Linear and hierarchal linear models were used to analyze the association and interaction effect of parental and infant demographics, differences between parents and providers, and obligation belief on the likelihood to consent to research procedures.
Results
A total of 115 parents were approached for enrollment. Of these, 6 parents were discharged or transferred prior to returning the survey; 9 never returned the survey; 8 returned partially completed surveys and were excluded; and 1 parent declined participation. Parent and infant demographics are presented in Table 1 . There were no significant differences between the parent groups with respect to age, gender, race/ethnicity, insurance, and education. A total of 44 clinicians were approached for enrollment. The first 15 physician and the first 15 NICU nurse surveys returned were included in the study. The mean experience for clinicians was 10.1 ± 9.8 years.
Willingness to consent to a research procedure for their child for the five research procedures stratified by the four parent groups (based upon infant status) and health provider is presented in Table 2 . Parents' willingness to allow their child to participate in a research procedure ranged from 31 % to 83 % (Table 3) . There were no significant differences between the parent groups when each research procedure was analyzed individually or grouped together as a whole ('any research'). There was no difference between parental responses whose infant matched a scenario to the non-matching scenario groups. Thus, responses from all four-parent groups were combined for further analysis.
Parent type (mother/father), parent age, race/ethnicity, insurance, education, or having a prior history of a child in the NICU, were not associated with the likelihood to consent to any of the research procedures. There was a statistically significant decreased willingness to participate in a research procedure with increased education. There was a statistically significant increase in willingness to participate in a research procedure with increasing postnatal age. However, this explained only small portion of the variability of the response around its mean (adjusted r-square = 0.05; p ≤ 0.05). All of the parents with older (>15d) postnatal age infants had infants born at ≤ 31 weeks gestation.
Clinicians' willingness to allow their infant to participate in a research procedure ranged from 19 % to 98 % ( Table 2 ). There were no significant differences between the two clinician groups (nurses and physicians) for all five research procedures. When compared with parents, healthcare providers as a whole, were more likely to agree to the echocardiograms (p = 0.003). There were no significant differences between providers and parents for the other four procedures.
Willingness to engage in research to benefit others was measured by a five-point Likert scale (Table 4) . A minority of parents (38.3 %) and nurses (40 %), in contrast to a majority of physicians (66.7 %), agreed or strongly agreed that parents have a responsibility to involve their children in low-risk medical research in order to help future children, even if this would not help their own child. However, this difference was not statistically significant (p = 0.343). Lower agreement with obligation beliefs (p < 0.01) and higher education (p = 0.012) were associated with a decreased likelihood to consent to any research procedure. There was not a significant interaction between these two variables (obligation score and parental education) and the likelihood to consent. 
Discussion
In this study, we investigated whether parents would likely consent for their infant to participate in research and whether in their decision making process, they considered an obligation to help other children, even when there would be no direct benefit to their own child. This study is one of the first studies to focus on NICU parental acceptance of research procedures. Our sample of parents included a wide range of infant conditions commonly seen in the NICU. A comparative group of parents whose infants were not in the NICU as well as a group of clinicians made up of neonatal physicians and nurses were also surveyed. Procedures queried in our study ranged from obtaining extra blood during an already planned blood draw to performing an MRI with and without sedation. These are considered low-risk procedures in the NICU. Since there is variability in the perception of risk between individuals, we did not pre-assign a specific degree of risk to the research procedures [4] . Although an individual healthcare provider may have a strong internal opinion of risk for a given procedure, there is no uniformity across healthcare providers. For example, Shah found there was high variability between IRB chairs concerning the perception of risk [3] . In that study, only 18 % of IRB chairs categorized a single blood draw as greater than minimal risk. However, 48 % of IRB chairs categorized an MRI without sedation as minimal risk, while the remainder categorized is as greater than minimal risk or remained undecided [3] . In this study, there was broad parental and clinician acceptability with wide variability for the 5 presented research procedures. In this study, there was consistency across all parent groups. There was no evidence that parental gender, age, race/ethnicity or insurance status were associated with a willingness to consent to the research procedures. Parents with a college education were less likely to consent to research procedures.
The range of acceptability of research procedures across the parent groups was similar to the attitudes demonstrated by NICU healthcare providers in our study sample. This is consistent with previously reported range of acceptability in other healthcare providers [3] . Existence of parental diversity should support, not dissuade, from the ethical appropriateness of allowing parents to make the final determination of infant participation in research. Healthcare providers and regulatory entities should exercise caution when engaging in overly paternalistic behaviors, less they infringe on the rights of parents as the first proxy and supplement themselves in that role without full justification based upon harm [29] .
Excessive healthcare provider or institutional paternalistic behavior can improperly compromise parental autonomy and individual and societal beneficence [29] . Minimal and minor-increase above minimal-risk research are optional, "opt-in", events. Healthcare providers and institutional regulatory entities are appropriate to prohibit research that unequivocally poses excessive risks to the infant compared to potential benefits (direct individual or societal). Research that is minimal risk or minor-increaseabove-minimal-risk should be presented and discussed with parents through an appropriate informed consent process to permit the parent to decide. If 30 % of parents are comfortable with a procedure and 70 % of parents are not, limiting participation, when an "opt in" option can be given is provider-institutional paternalism ("secondary paternalism") that unnecessarily and improperly compromises parental autonomy and choice, without providing additional protection to family units (parent-infant).
Similar to the parental and provider attitudes towards consent, there was variability in the strength in belief towards one's obligation to consent to help future children. A feeling of obligation to help other children was associated with a willingness to consent to a research procedure. Further research into NICU parental and provider attitudes towards beneficence, societal justice and research deserve exploration.
These results provide practical supportive evidence that approving (or denying) research containing low-risk procedures may be acceptable to a meaningful proportion of NICU parents under conditions of informed consent. Given the wide variability in acceptability of different research procedures, informed consent gives parents control and allows them to exercise their status as the primary proxy decision-maker for their infant. As the events created by the fallout from the SUPPORT study demonstrate, there can be a misunderstanding of the risks of everyday clinical NICU care practices that supersede research to clarify those risks and benefits that are not fully understood by parents, media or regulators [30] [31] [32] .
The purpose of this study was to enact a practical evaluation of whether the current commonly engaged ethical construct for research is acceptable to actual parents of NICU infants. A limitation of this study is its hypothetical nature. It is unclear if parents would make the same choices if presented with actual research studies rather than hypothetical scenarios. The study used a convenience sample of parents and as such may be biased by the selection of parents who presented to the NICU. Although there was a wide range of race/ethnicity and socioeconomic strata in the study group, bias may exist. The study sample was limited to English speaking parents only, though culturally inclusive of the Hispanic population (32 % of study parents). The study was not designed to specifically evaluate the interaction of race/ethnicity, culture, parental-infant characteristics and willingness to participate at an individual level, but whether participating in medical research that includes medical procedures that may carry minimal risk or minor increase over minimal risk is potentially acceptable to a diverse group of NICU parents. The study was also not designed to formulate a comprehensive list of procedures under specific conditions 
Conclusions
In our study population, there was variability in the acceptability of common NICU-related research procedures to a diverse group of NICU parents representing a wide range race/ethnic and socioeconomic strata. Regulations guiding informed consent for individual parentdetermined approval/denial-of-participation in minimal and minor increase over minimal risk research in the NICU environment appear to be ethically consistent with the attitudes of parents and NICU providers towards common research procedures.
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